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(54) Diesel particulate filters 

(57) A ceramic filter (20) for trapping and combust- 
ing diesel exhaust particulates offering improved config- 
urations that are significantly more resistant to thermal 
cracking and melting damage comprises a honeycomb 
filter body composed of porous ceramic material and in- 
cluding a plurality of parallel cell channels (26) travers- 
ing the body from a frontal inlet end (22) to an outlet end 
(24) thereof, a portion (30) of the cell channels are 
plugged in a non-checkered (32) pattern, and the re- 



maining cell channels are plugged in a checkered pat- 
tern (36). In one embodiment the honeycomb filter body 
has a section of non-checkered (32) and a section of 
checkered (34) plugging at the frontal inlet end (22). In 
another embodiment the honeycomb filter body has a 
plurality of cell channels internal plugs (74). In another 
embodiment the honeycomb filter body has a plurality 
of partial cell channels which extend partially from the 
frontal inlet end (22) into the honeycomb filter body, and 
are unplugged at the frontal Inlet end (22). 
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Description 

[0001 ] This application claims the benefit of U.S. Pro- 
visional No. 60/257,340, filed 12/20/00. entitled "Diesel 
Particulate Filters", by Ketcham et al 

Background of the Invention. 

[0002] The present invention relates to filters for the 
removal of particulate material from diesel engine ex- 
haust streams, and more particularly to a porous ceram- 
ic diesel exhaust filter of improved resistance to melting 
and thermal shock damage under conditions encoun- 
tered in diesel exhaust systems. 
[0003] Diesel traps have proven to be extremely effi- 
cient at removing carbon soot from the exhaust of diesel 
engines. The most widely used diesel trap is the wall- 
flow filter which filters the diesel exhaust by capturing 
the soot on the porous walls of the filter body. The wall- 
flow filter is designed to provide for nearly complete fil- 
tration of soot without significantly hindering the exhaust 
flow. 

[0004] As the layer of soot collects on the surfaces of 
the inlet channels of the filter, the lower permeability of 
the soot layer causes a pressure drop across the filter 
and a gradual rise in the back pressure of the filter 
against the engine, causing the engine to work harder, 
thus affecting engine operating efficiency. Eventually, 
the pressure drop becomes unacceptable and regener- 
ation of the filter becomes necessary. In conventional 
systems, the regeneration process involves heating the 
filter to initiate combustion of the carbon soot. Nomnally, 
the regeneration is accomplished under controlled con- 
ditions of engine management whereby a slow burn is 
initiated and lasts a number of minutes, during which the 
temperature in the filter rises from about 400-600**C to 
a maximum of about 800-1000**C. 
[0005] The highest temperatures during regeneration 
tend to occur near the exit end of the filter due to the 
cumulative effects of the wave of soot combustion that 
progresses from the entrance face to the exit face of the 
filter as the exhaust flow canies the combustion heat 
down the fitter. Under certain circumstances, a so-called 
"uncontrolled regeneration" can occur when the onset 
of combustion coincides with, oris Immediately followed 
by, high oxygen content and low flow rates in the ex- 
haust gas (such as engine idling conditions). During an 
uncontrolled regeneration, the combustion of the soot 
may produce temperature spikes within the filter which 
can thermally shock and crack, or even melt, the filter 
The most common temperature gradients observed are 
radial temperature gradients where the temperature of 
the center of the filter is hotter than the rest of the sub- 
strate and axial temperature gradients where the exit 
end of the filter is hotter than the rest of the substrate. 
[0006] In addition to capturing the carbon soot, the fil- 
ter also traps metal oxide "ash" particles that are candied 
by the exhaust gas. These particles are not combustible 



and, therefore, are not removed during regeneration. 
However, if temperatures during uncontrolled regener- 
ations are sufficiently high, the ash may eventually sinter 
to the filter or even react with the filter resulting in partial 
5 melting. 

[0007] It would be considered an advancement in the 
art to obtain a filter which offers improved resistance to 
melting and thermal shock damage so that the filter not 
only survives the numerous controlled regenerations 
10 over its lifetime, but also the much less frequent but 
more severe uncontrolled regenerations. 

Summary of the Invention. 

15 [0008] The present invention provides porous partic- 
ulate exhaust filters offering improved configurations 
that are significantly more resistant to thermal cracking 
and melting damage under typical diesel exhaust con- 
ditions than current filter designs. At the same lime the 

20 inventive filters have fewer temperature gradients and 
fewer hot spots during the regeneration process. Forthe 
purposes of this description, hot spots are region the fil- 
ter which reach temperatures so high that there can de- 
velop localized melting and/or cracking of the filter in 

25 such regions. 

[0009] In particular, the invention provides a ceramic 
filter for trapping and combusting diesel exhaust partic- 
ulates which includes a honeycomb filter body having a 
plurality of parallel cell channels traversing the body 

30 from a frontal inlet end to an outlet end thereof, in which 
a portion of the cell channels are plugged in a non- 
checkered pattern, and the remaining cell channels are 
plugged in a checkered pattern. 
[0010] For the purposes of the present description a 

35 checkered pattern refers to an area at either face of the 
honeycomb In which every other cell is plugged; a non- 
checkered pattern refers to a pattem other than a check- 
ered pattern. 

[0011] In one embodiment the diesel exhaust partic- 

40 ulate honeycomb filter includes a frontal inlet end and 
an outlet end, a matrix of thin, porous, intersecting ver- 
tically extending walls and horizontally extending walls, 
which define a plurality of cell channels extending in a 
substantially longitudinal and mutually parallel fashion 

45 between the frontal inlet end and the outlet end; the fron- 
tal inlet end includes a firstsection of cells plugged along 
a portion of their lengths in a non-checkered pattem and 
a second section of cells plugged in checkered pattern, 
the first section of non-checkered plugged cells being 

50 smaller than the second section of checkered plugged 
ceils. Preferably, the cells are end-plugged and the first 
section of non-checkered end-plugged cells forms a cir- 
cular pattern which is concentric with the frontal inlet 
end. If the frontal inlet end has a diameter D^ and the 

55 first section of non-checkered end-plugged cells has a 
diameter df^, then dfg is between )^{D^) to Va (Dff), and 
more preferably less than M (Dp). Up to three-fourth of 
the cells of the first section may be unplugged. Alterna- 
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tively. up to one-half of the cells of the first section may 
be unplugged. Alternatively, up to one-fourth of the cells 
of the first section may be unplugged. 
[0012] In another embodiment the diesel exhaust par- 
ticulate honeycomb filter includes a frontal inlet end, an 
outlet end, and a plurality of cell channels extending 
from the frontal inlet end to the outlet end, the cell chan- 
nels having porous walls; part of the total number of cell 
channels are end-plugged in a checkered pattern either 
at the frontal inlet end or at the outlet end, and the re- 

;vmaining cell channels have internal plugs. 

-:'[0013] In anotherembodimentthe diesel exhaust par- 
• :^ ^■:ticulate honeycomb filter includes a frontal Inlet end, an 
• - outlet end, a group of cell channels extending frorh the 
frontal inlet end to the outlet end which are end-plugged 
in a checkered pattern either at the frontal inlet end or 
at the outlet end, and another group of partial cell chan- 
nels which extend partially from the frontal inlet end into 
the honeycomb filter body, the partial cell channels be- 
ing unplugged at the frontal inlet end. 
[001 4] The invention is also a method of regenerating 
a filter by providing a ceramic filter for trapping and com- 
busting diesel exhaust particulates which includes a 
honeycomb structure as described above and heating 
the structure to a temperature which would facilitate the 
combustion of carbon soot. 

Brief Description of the Drawings. 

[0015] FIG. 1 is an illustration ofa prior art honeycomb 
diesel particulate filter having checkered plugging. 
[0016] FIG. 2 is an illustration of an embodiment of 
the inventive diesel particulate filter whose frontal inlet 
.'.v^. -- end includes checkered and non-checkered end- 
^ ti plugged cells, the non-checkered plugged cells forming 
- :j;if . a circular pattern, wherein all the cells within this circular 
pattern are plugged. 

[0017] FIG. 3 is an illustration of another embodiment 
of the inventive diesel particulate filter whose frontal in- 
let end includes checkered and non-checkered end- 
plugged cells, the non-checkered plugged cells forming 
a circular pattern, wherein three-fourth of the cells within 
this circular pattem are plugged. 
[001 8] FIG. 4 is an illustration of another embodiment 
of the inventive diesel particulate filter whose frontal in- 
let end Includes checkered and non-checkered end- 
plugged cells, the non-checkered plugged cells forming 
a circular pattern, wherein one-fourth of the cells within 
this circular pattern are plugged. 
[0019] FIG. 5 is an illustration of another embodiment 
of the inventive diesel particulate filter whose frontal in- 
let end includes checkered and non-checkered end- 
plugged cells, the non-checkered plugged cells forming 
a circular pattern and an adjacent ring, wherein all of the 
cells in the circular pattern and rn the adjacent ring are 
plugged. 

[0020] FIG. 6 is an illustration of another embodiment 
of the inventive diesel particulate filter whose frontal in- 



let end includes checkered and non-checkered end- 
plugged cells, the non-checkered plugged cells forming 
four circular patterns across the frontal inlet end, where- 
in all of the cells within the four circular patterns are 
5 plugged. 

[0021] FIG. 7 is an illustration of another embodiment 
of the inventive diesel particulate filter whose frontal in- 
let end includes checkered and non-checkered end- 
plugged cells, the non-checkered plugged cells forming 
10 four contiguous rings across the frontal inlet end, where- 
in all of the cells within the four contiguous rings are 
plugged. 

[0022] FIG. 8 is an illustration of another embodiment 
of the inventive diesel particulate filter which contains 
15 end-plugged cells and cells having plugs at a distance 
within the channels. 

[0023] FIG. 9 is an illustration of another embodiment 
of the inventive diesel particulate filter which contains 
channels which extend partially Into the honeycomb 
20 body. 

[0024] FIG. 10 shows the temperatures measured 
during regeneration in the control diesel particulate filter 
of Example 1 . 

[0025] FIG. 1 1 shows the time-temperature graph for 
25 thermocouple set 90 in Example 1 . 

[0026] FIG. 1 2 shows the time-temperature graph for 

thermocouple set 92 in Example 1 . 

[0027] FIG. 1 3 shows the time-temperature graph for 

thermocouple set 96 in Example 1 . 
30 [0028] FIG. 14 shows the temperatures measured 

during regeneration in the inventive diesel particulate fil- 
ter of Example 2. 

[0029] FIG. 1 5 shows the time-temperature graph for 
thermocouple set 100 in Example 2. 
35 [0030] FIG. 1 6 shows the time-temperature graph for 
thermocouple set 102 in Example 2. 
[0031] FIG. 17 shows the time-temperature graph for 
thermocouple set 106 in Example 2. 

^o Detailed Description of the Invention. 

[0032] The invention is a ceramic filter for trapping 
and combusting diesel exhaust particulates which in- 
cludes a honeycomb structure having a frontal inlet end 

^5 and an outlet end, a multiplicity of cell channels extend- 
ing between the frontal inlet end and the outlet end, and 
sections of checkered plugging and non-checkered 
plugging at the ends of the honeycomb. The inventive 
filter design offers fewer hot spots and fewer themrial 

50 gradients during regeneration and therefore the inven- 
tive filters are significantly more resistant to thermal 
cracking and melting under conditions encountered in 
diesel exhaust systems, specifically, during the regen- 
eration of trapped carbon soot. 

55 [0033] During this process the temperature of thefilter 
usually rises to a maximum of about 800-1 000**C, how- 
ever, in practicality, temperature spikes in excess of 
1400'C have been observed in filters currently availa- 



3 



BNSDOCID: <EP 1217185A2_L> 



5 

ble. In the inventive filters temperatures in the filter dur- 
ing regeneration are reduced by over 300**C. and pref- 
erably between about 400 and 500*C. 
[0034] The invention can also be described as a hon- 
eycomb structure having a frontal inlet end and an outlet 
end, a multiplicity of cell channels extending between 
the frontal inlet end and the outlet end, the frontal inlet 
end including at least two regions, a first region where 
there are nnore plugged cells (less open frontal area) 
than in the second region and a second region where 
the plugging pattern is characterized by a unit cell hav- 
ing at least two honeycomb channels and up to forty- 
nine honeycomb channels, where the plugging pattern 
is made by the translation, or translation and rotation of 
the unit cell and the outlet end has plugs on the cell 
channels that are open at the frontal Inlet end in the sec- 
ond region, wherein the first region is smaller In area 
than the second region. In one embodiment the first re- 
gion has a checkered plugging pattem, and the second 
region has a non-checkered plugging pattern. 
[0035] Referring now to Figure 1 therein illustrated is 
a comparative example of a prior art wall-flow ceramic 
filter 10 which has a checkered plugging pattern on the 
frontal inlet end 12, and repeating on the outlet end 14 
(not shown) but in a reverse pattern, such that cells that 
are plugged on the frontal inlet end 12 are open on the 
outlet end 14 and vice versa. Wall flow filters are so 
named since the flow paths resulting from alternate 
channel plugging (i.e., each cell is plugged only at one 
end) require the exhaust being treated to flow through 
the porous ceramic cell walls prior to exiting the filter. 
For the purposes of the present invention the frontal inlet 
end is simply that part of the honeycomb through which 
the exhaust gas enters, and outlet end is that part of the 
honeycomb through which the exhaust gas exits. 
[0036] An embodiment of the present invention is 
shown in Figure 2. Honeycomb structure 20, has a fron- 
tal inlet end 22 and an outlet end 24, and a multiplicity 
of cell channels or cells 26 which extend between frontal 
inlet end 22 and outlet end 24 to form body 28. The cell 
channels have porous wails and run substantially longi- 
tudinal and mutually parallel fashion between the frontal 
inlet end and the outlet end. 

[0037] Frontal inlet end 22 includes a first section 30 
of cells which are end-plugged in a non-checkered pat- 
tern labeled with the reference number 32; specifically, 
all cells 32 are plugged in first section 30. Frontal inlet 
end 22 also includes a second section 34 of cells which 
are end-plugged in a checkered pattern and are labeled 
with reference number 36. For the purposes of the 
present invention cells which are end-plugged are cells 
which are plugged at the ends typically to a depth of 
about 5 to 20 mm, although this can vary. The cells (not 
shown) on outlet end 24 may be plugged in a checkered 
pattern or may be plugged in a manner as described on 
the frontal inlet end 22. 

[0038] The honeycomb may be plugged either before 
or after firing with a paste having the same or similar 
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composition to that of the green body, using appropriate 
amounts of a liquid phase to impart a workable viscosity, 
optionally with the addition of binders and plasticizers, 
as described in U.S. Pat. No. 4.329,162. 

5 [0039] In Figure 2, all cells within first section 30 are 
plugged, however, in the embodiment of Figure 3, one 
fourth of cells 32 are unplugged, which are labeled by 
reference number 33. in still another embodiment as 
shown in Figure 4, three fourth of ceils 32 are unplugged 

10 which are labeled by the reference number 35. The em- 
bodiment of Figure 2, in which all of the cells in first sec- 
tion 30 are end-plugged, is most preferred. 
[0040] In the embodiments of Figures 2, 3 and 4 first 
section 30 has a circular shape and is concentric with 

15 frontal inlet end 22. If frontal inlet end 22 has a diameter 
Off than the diameter of first section 30, dfg equals the 
relation (14-%)(Dff). Preferably, dj^ is less than (}A){D^). 
Therefore, for example if frontal inlet end 22 has a di- 
ameter of about 6 inches, first section 30 has a diameter 

20 of about 1 .5-3 inches, and more preferably less than 1 .5 
inches. 

[0041] Referring now to Figures 5, 6 and 7 therein il- 
lustrated are other embodiments of the present inven- 
tion. In Figures 5 frontal inlet end 22 includes a circular 

25 pattern 38 and an adjacent ring 40. All cells of circular 
pattern 38 and adjacent ring 40 are end-plugged, form- 
ing a non-checkered pattern. The remaining celts 3d are 
alternately end-plugged, forming a checkered pattern. 
[0042] in Figure 6 frontal inlet end 22 includes four 

30 equal circular patterns 42, 44, 46, and 48. All cells of 
each circular pattern are all end-plugged, forming a non- 
checkered pattern. The remaining cells 39 are alternate- 
ly end-plugged, forming a checkered pattern. 
[0043] In Figure 7 frontal inlet 22 includes a circular 

35 pattern 43 and four contiguous rings 45, 47, 49 and 51 . 
All of the cells of circular pattern 43 are end-plugged, 
three-fourth of the cells in ring 45 are end-plugged, one- 
half of the cells are end-plugged in ring 47, one-fourth 
of the cells are end-plugged in ring 49 and the cells of 

40 ring 51 are alternately plugged in a checkered pattern. 
[0044] The inventive filters have an open frontal sec- 
tion area of less than 50 % of the open frontal section 
area of a checkerboard plugged front face, preferably 
less than 26 % and more preferably less than 15 %. For 

45 the purposes of the present description, open frontal 
section area is simply the area at the frontal inlet end 
made up by the open cell channels through which the 
exhaust stream enters the filter. 

[0045] Another embodiment of the present invention 
50 is shown in Figure 8. Honeycomb structure 60 has a 

frontal inlet end 62 and an outlet end 64, and a body 66. 

Cells 68 are end-plugged 70 either at frontal inlet end 

62 or outlet end 64, but not at both. End-plugs 70 are 

preferably in a checkered pattern, but other patterns are 
55 also equally suitable. Cells 72 have intemal plugs 74 

which are within the channels as illustrated. Internal 

plugs 74 form a non-checkered pattem. 

[0046] Another embodiment of the present invention 
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Is shown in Figure 9. Honeycomb structure 80 has a 
frontal inlet end 82 and an outlet end 84. Cells 86 extend 
between frontal inlet end 82 and outlet end 84. These 
cells are end-plugged in a checkered pattern at frontal 
inlet end 82. Cells channels 88 are partial cell channels; 
specifically cell channels 88 extend partially from the 
frontal inlet end 82 into honeycomb body 81, Cells 88 
have an open end 87 and a closed end 89, the closed 
end 89 being the end where the partial cell channels 88 
terminate within the honeycomb body 81 . 
[0047] Honeycomb structures of the type herein de- 
scribed have cellular densities between about 1.5 to 
46:5 cells/cm2 (about 10 and 300 cells/in2). more typi- 
cally between about 15.5 to 46.5 cells/cm^ about (100 
and 300 cells/in2). Wall thicknesses can vary upwards 
from the minimum dimension providing structural Integ- 
rity, about 0.0254cm (about 0.01 0 In.), but are generally 
less than about 0.051 cm (about 0.020 In.) to minimize 
filler volume. 

[0048] Interconnected open porosity of the thin wall 
may vary, but is most generally greater than about 25% 
of thin wall volume and usually greater than about 35% 
to allow fluid flow through the thin wall longer dimen- 
sions. Diesel filter integrity becomes questionable 
above about 70% open pore volume; volumes of about 
50% are therefore typical. Fordiesel particulate filtration 
it is believed that the open porosity may be provided by 
pores in the channel walls having mean diameters in the 
range of about 1 to 60 microns, with a preferred range 
between about 1 0 and 50 microns. 
[0049] The honeycombs may be made of any suitable 
material, such as ceramic, glass-ceramic and metal. Es- 
pecially suited are ceramic materials, such as those that 
yield cordierite, mullite or a mixtures of these on firing, 
and silicon carbide. 

[0050] The honeycomb structures may be either cir- 
cular or square in cross-section. However, the filter of 
course need not have these shapes, but may be oval, 
rectangular, or any othercross-sectional shape that may 
be dictated by the particular exhaust system design se- 
lected for use. 

[0051] A suitable method of making the honeycomb 
structure shown in Figure 9 is using solid freeform man- 
ufacturing, particularly binder ink jet printing to produce 
the Inventive structures, as disclosed In U.S. Patent 
Number 5,204,055, herein incorporated by reference in 
its entirely. Briefly, a thin powder layer is placed on a 
movable supporting bed. An ink jet type head or a row 
of Inkjet heads is passed over the powder bed and com- 
putercontrol is used to deposit a liquid binderto selected 
areas in the powder bed. The supporting bed is indexed 
downward and a new layer of powder is applied to the 
bed. The process repeats itself and a structure is built 
up from the binder and powder. When the desired struc- 
ture is obtained, the loose powder is removed from the 
structure. The structure may optionally be sintered to 
open or closed porosity. 

[0052] A significant perfonnance advantage of the in- 



ventive filters is expected to reside in a reduction in the 
temperature of the filter during regeneration of accumu- 
lated carbon soot, resulting in improved filter resistance 
during both controlled and uncontrolled regenerations. 
5 [0053] The inventive filters can be regenerated by 
heating the diesel particulate filter to a temperature 
where the carbon soot is combusted. 
[0054] To more fully illustrate the invention, the follow- 
ing non-limiting examples are presented. 

10 

Example 1 (comparative). 

[0055] A cordierite honeycomb structure having a di- 
ameter of 1 4.4 cm (5.66 inch) and a length of 1 5.24 cm. 

IS (6 inch) with a cell density of 200 cells/in2 and a wall 
thickness of 30.48 cm (12 inch) was end-plugged in a 
checkered plugging pattern on both the frontal inlet end 
and at the outlet end and is the control or comparative 
diesel particulate filter. The filter was loaded with 19.8 

20 grams of carbon soot at a rate of about 8 grams per liter 
and then regenerated by flowing hot gas at about 61 5°C 
at a rate of 500 liter/minute with an oxygen content of 
1 8 %, through the filter which was originally at room tem- 
perature. 

25 [0056] The temperature of the control filter was meas- 
ured during regeneration with thermocouples placed at 
selected points within the filter. The thermocouples were 
arrayed in four sets of four along the flow axis and along 
four planes perpendicular to the flow axis, as illustrated 

30 in Figure 10. The four planes are W at 2.54 cm (1 inch), 
X at 5.92 cm (2.33 inch), Y at 9.32 cm (3.67 inch) and 
Z at 1 2.7 cm (5 inch), the distances being from the outlet 
end of the filter. 

[0057] The first set of four thennocouples, 90, was 
35 aligned along the center axis of the honeycomb at each 
of the four planes. The second set of four thermocou- 
ples, 92, was aligned at an arc having a diameter of 
about 2.8 cm (1 .1 in) from the center axis. The third set 
of thermocouples, 94. was aligned near the outer edge. 
40 The fourth set of thermocouples, 96, was aligned in be- 
tween 92 and 94, at an arc having a diameter of about 
4.6-4.7 cm from center axis. 

[0058] Figures 11, 12 and 13 present the tempera- 
tures curves measured by thermocouples sets 90, 92 

45 and 96, respectively. About 14.8 grams of soot were 
burnt during the regeneration process for a period of 
time of about 28 minutes. The peak regeneration tem- 
peratures measured were 1 01 9'C at thennocouple 92a 
and 1008**C at thermocouple 90a. Therefore, based on 

so this data, for a 1 4.4 cm (5.66 in) diameter by 1 5.24 cm 
(6 in) long honeycomb having a checkerboard plugging 
pattern, the hottest region is between about 2 cm to 5 
cm (about 1 -2 in) around the center axis of the filter. 



55 Example 2 (inventive). 

[0059] An inventive diesel particulate filter, as shown 
in FIG. 2, having a diameter of 14.4 cm (5.66 inch) and 
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a length of 15.24 cm (6 inch), made of cordierite and 
having a cell density of 200 cells/in^ and a wall thickness 
of 30.48 cm (12 Inch) was loaded with 19.8 grams of 
carbon soot at a rate of about 8 grams per liter. The filter 
was then regenerated by flowing hot gas at about 61 5°C 
at a rate of 500 liter/minute with an oxygen content of 
1 8 %. through the filter which was originally at room tem- 
perature. 

[0060] Again the temperature of the filter was meas- 
ured during regeneration as explained above in Exam- 
ple 1 . Figure 14 shows the thermocouple arrangement 
for this inventive example. 

[0061] Figures 15^ 16 and 17 present the tempera^ 
tures curves measured by thermocouples sets 100, 102, 
and 106, respectively. About 14.8 grams of soot were 
burnt during the regeneration process for a period of 
time of about 28 minutes. The peak regeneration tenn- 
peratures measured were 691 at thermocouple 106a 
and 657°C at thermocouple 106b. The regeneration 
temperature achieved at 1 00a was 551 ^'C, 457 degrees 
lower than the regeneration temperature at 90a temper- 
ature in Example 1. The regeneration temperature 
achieved at 102a was eSS^'C, 391 lower than regen- 
eration temperature at 92a in Example 1 . Therefore, the 
maximum regeneration temperature in the inventive fil- 
ter has been lowered by more than SSO'^C of the maxi- 
mum rsyeneration temperature of an art-known cordier- 
ite substrates. 



Claims 

1 . A ceramic filter for trapping and combusting diesel 
exhaust particulates comprising a honeycomb filter 
body composed of porous ceramic material and in- 
cluding a plurality of parallel cell channels travers- 
ing the body from a frontal inlet end to an outlet end 
thereof, wherein: 

a portion of the cell channels are plugged in a 
non-checkered pattern, and the remaining cell 
channels are plugged in a checkered pattern. 

2. The ceramic filter of claim 1 , wherein the plugs are 
the end of the cell channels. 

3. The ceramic filter of claim 2, wherein the frontal inlet 
end comprises a first section of non-checkered end- 
plugged cells, and a second section of checkered 
end-plugged cells. 

4. The ceramic filter of claim 3, wherein the outlet end 
comprises cell channels end-plugged in a check- 
ered pattern. 

5. The ceramic filter of claim 4, wherein the first sec- 
tion of non-checkered end-plugged cells fomis a cir- 
cular pattern which is concentric with the frontal in let 



end. 

6. The ceramic filter of claim 5, wherein the frontal inlet 
end has a diameter Dff. 

5 

7. The ceramic filter of claim 6, wherein the first sec- 
tion of non-checkered end-plugged cells has a di- 
ameter Dfg. 

10 8. The ceramic filter of claim 7, wherein d^g is between 
i>^(Dff)toy^(Dff). 

9. The ceramic filter of claim 8, wherein djs is less than 

(Dff), 

15 

10. The ceramic filter of claim 5, wherein all cells within 
the first section are plugged. 

11. The ceramic filler of claim 5, wherein up to three- 
20 fourth of the cells of the first section are plugged, 

the remaining one-fourth are unplugged. 

12. The ceramic filter of claim 5. wherein up to one-half 
of the cells of the first section are plugged, the re- 

25 matning three-fourth are unplugged, 

13. The C9ra.mic filter of claim 5, wherein up to one- 
fourth of the cells of the first section are plugged, 
the remaining three-fourth are unplugged. 

30 

14. The ceramic filter of claim 4, wherein the first sec- 
tion forms a circular pattern and an adjacent ring. 

15. The ceramic filter of claim 14 wherein all the cells 
35 of the circular pattern and adjacent ring are end- 
plugged. 

16. The ceramic filter of claim 4 wherein the first section 
forms a pattern of four equal circular patterns 

40 across the frontal inlet end. 

17. The ceramic filter of claim 16 wherein all the cells 
of the four circular pattern are end-plugged. 

45 18. The ceramic filter of claim 4, wherein the first sec- 
tion forms a pattem of four contiguous rings. 

19. The ceramic filter of claim 1 8, wherein ail the cells 
of the four contiguous rings are end-plugged. 

so 

20. The ceramic filter of claim 1 , wherein the ceramic 
filter is composed substantially of cordierite. 

21. The ceramic filter of claim 1, wherein the ceramic 
55 filter is composed substantially of silicon carbide. 

22. The ceramic filter of claim 1, wherein the honey- 
comb filter body further comprises a plurality of cell 
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channels which have internal plugs which replace 
end-plugs In the cell channels which they plug. 

23. The ceramic filter of claim 1 , wherein the honey- 
comb filter body further comprises a plurality of par- 5 
tiai cell channels, wherein the partial cell channels 
extend partially from the frontal inlet end into the 
honeycomb filter body, wherein the partial cell chan- 
nels are unplugged at the frontal inlet end. 

10 

24. A diesel exhaust particulate honeycomb filter com- 
prising a frontal inlet end and an outlet end, a matrix 
of thin, porous, intersecting vertically extending 
walls and horizontally extending walls, which define 

a plurality of cell channels extending in a substan- 15 
tially longitudinal and mutually parallel fashion be- 
tween the frontal Inlet end and the outlet end, 
wherein the frontal inlet end has a first section of 
cells plugged along a portion of their lengths in a 
non -checkered pattern and a second section of 20 
cells plugged in checkered pattern, wherein thefirst 
section of non-checkered plugged cells is smaller 
than the second section of checkered plugged cells. 

25. A diesel particulate honeycomb filter comprising a 25 
frontal inlet end, an outlet end, and a plurality of cell 
channels extending from the frontal inlet end to the 
outlet end, the cell channels having porous walls, 
wherein part of the total number of cell channels are 
end-plugged in a checkered pattern either at the 
frontal inlet end or at the outlet end, and the rennain- 
ing cell channels have internal plugs. 



checkered pattern; 

the ceramic filter being laden with carbon 
soot; and, 

(b) heating the diesel particulate filter to a tem- 
perature where the carbon soot is combusted. 



35 



26, A diesel particulate honeycomb filter comprising a 
frontal inlet end, an outlet end, a group of cell chan- 
nels extending from the frontal Inlet end to the outlet 
end which are end-plugged in a checkered pattern 
either at the frontal inlet end or at the outlet end, 
and another group of partial cell channels, wherein 
the partial cell channels extend partially from the 
frontal Inlet end into the honeycomb filter body, 
wherein the partial cell channels are unplugged at 
the frontal inlet end. 



27. A method of regenerating a diesel particulate filter 45 
comprising: 

(a) providing a ceramic filter for trapping and 
combusting diesel exhaust particulates com- 
prising a honeycomb filter body composed of so 
porous ceramic material and including a plural- 
ity of parallel cell channels traversing the body 
from a frontal inlet end to an outlet end thereof, 
wherein: 

55 

a portion of the cell channels are plugged 
in a non-checkered pattern, and the re- 
maining ceil channels are plugged in a 
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(54) Diesel particulate filters 

(57) A ceramic filter (20) for trapping and combust- 
ing diesel exiiaust particulates offering improved config- 
urations that are significantly more resistant to tliermal 
cracl<ing and melting damage comprises a honeycomb 
filter body composed of porous ceramic material and in- 
cluding a plurality of parallel cell channels (26) travers- 
ing the body from a frontal inlet end (22) to an outlet end 
(24) thereof, a portion (30) of the cell channels are 
plugged in a non-checkered (32) pattern, and the re- 



maining ceH channels are plugged in a checkered pat- 
tern (36). In one embodiment the honeycomb filter body 
has a section of non-checkered (32) and a section of 
checkered (34) plugging at the frontal Inlet end (22). In 
another embodiment the honeycomb filter body has a 
plurality of cell channels internal plugs (74). In another 
embodiment the honeycomb filter body has a plurality 
of partial cell channels which extend partially from the 
frontal inlet end (22) into the honeycomb filter body, and 
are unplugged at the frontal Inlet end (22). 
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